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@ Apparatus for adjustable correction of spherical aberration. 



@ Apparatus for con'ecting spherical aberration 
of figiit reflected from a surface of an Infor- 
mation-bearing layer of an optical disk and 
traversing through a substantially transparent 
substrate layer, overcoating the infonmation 
layer, prior to traversal of a multi-element objec- 
tive lens means, uses a correction lens assem- 
bly having several lens elements, with a variable 
air gap between the adjacent surfaces of a 
sequential pair of the lens elements. Infor- 
mation about the nominal thickness of an opti- 
cal disk from which optical energy is then being 
reflected is obtained, and used to adjust the 
thickness of the air gap, to correct the ad- 
ditional spherical abenration caused by the 
change in covering substrate thickness and 
change the definition of the corrected spot to 
approach the definition of a spot obtained with 
a covering substrate of exactly the nominal 
value. 
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The present invention relates to optical disk re- 
corders and, more particularly, to novel apparatus for 
the adjustable correction of spherical aberration due 
to differences in the thickness of the overcoating sut>- 
strate of an optical disk used in such recorders. 

BACKGROUND OF THE INVENTION 

It is now well known that an optical disk recorder 
can provide certain advantages in the data storage 
arts. Hitherto, the optical disk media utilized for data 
storage required a relatively tight tolerance of the 
thickness of the substrate utilized to overcoat the 
data storage layer. However, any variation in the opt- 
ical disk overcoat layer thickness causes changes In 
spherical aberration, away from the design value of 
the objective lens utilized in the recorder (presently 
designed to provide acceptably low spherical aberra- 
tion with a disk having an overcoat substrate of thick- 
ness within ±20 micrometers of the nominal value); 
any larger deviation from nominal thickness may re- 
sult in significant loss of both modulation transfer 
function (MTF) and spot definition, resulting in unac- 
ceptable amplitude loss, so that recovery of data in 
the reading mode may be rendered Impossible. Man- 
ufacturers of the optical disk media would like to see 
even greater tolerances be allowable for the optical 
disk overcoating layer thickness, as increased toler- 
ance acceptability will have a major negative cost inn- 
pact. However, even greater substrate thickness tol- 
erances will even more significantly increase spheri- 
cal aberration. While there is no presently known 
means for correcting the spherical aberratkin utiliz- 
ing the focusing objective lens means of the present 
optical disk recorders, It Is highly desirable to provide 
some means for correcting spherical aberration, and 
especially adapted for correction of differing degrees 
of spherical aberratton engendered by the wider 
range of thicknesses of the optical disk overcoating 
substrate. 

BRIEF SUMMARY OF THE INVENTION 

The invention is set forth in general terms in 
Claim 1. In accordance with the invention, apparatus 
for correcting spherical aberration of light reflected 
from a surface of an information-bearing layer of an 
optical disk and traversing through a substantially 
fransparent substrate layer, overcoating the informa- 
tion layer, prior to traversal of a multi-element objec- 
tive lens means, comprises: correction means having 
a pluralityof lens elements, with a variable air gap be- 
tween the adjacent surfaces of a sequential pair of 
the lens elements; means for obtaining information 
about the nominal thickness of an optical disk from 
which optical energy is then being reflected; and 
means for adjusting the thickness of the air gap re- 
sponsive to the nominal thickness information, to cor- 



rect the additional spherical aberration caused by the 
change in covering substrate thickness and change 
the definition of the corrected spot to approach the 
definition of a spot obtained with a covering substrate 

5 of exactly the nominal value. 

In a presently preferred embodiment, the correc- 
tor means is a pair of lens, with the first lens being 
nearer to the objective lens and having a convex ex- 
iting surface, and the second lens being further from 

10 the disk and having a concave surface adjacent to the 
first lens. The air gap between the first and second 
lenses Is respectively increased or decreased for a 
disk of respective decreased or increased overcoat- 
ing substrate thickness. 

15 Those skilled in the art will appreciate the man- 
ner in whteh this apparatus provides novel adjustable 
correction of spherical aberration, upon reading the 
following detailed description of a presently preferred 
embodiment of the invention, when considered in 

20 conjunction with the associated drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole figure is a sectional side view taken 
25 through a portion of an optical disk, an associated ot>- 
jective lens means, and a corrector lens means in ac- 
cordance with the principles of the present invention. 

DETAILED DESCRIPTION OF A PRESENTLY 
30 PREFERRED EMBODIMENT 

Referring to the sole figure, a portion 10 of an 
optical disk recorder includes an objective lens 
means 11 which acts, among other functbns, to focus 

35 an Incident optical radiation beam 12 Into an optical 
disk 14. The optical disk contains a layer 16 of a (met- 
allic) material, which is formed or otherwise altered, 
either permanently or temporarily, to various depths 
16a/ 16b for encoding (digital) information therein, 

40 and is overcoated with a substrate layer 1 8 of a sub- 
stantially transparent material, allowing the focussed 
incident beam 12 to impinge upon the surface of a 
particular information-bearing layer formation 16p 
then lying along the optical axis 11a of the objective 

45 lens means. The particular layer formation 16p con- 
tinually changes as disk 14 rotates (say. in the direc- 
tion of arrow A, about an axis of rotation (not shown). 
The incident energy of a reading beam can be con- 
tained in a cone of half-angle 0, where angle 0 is re- 

so lated to the numerical aperture (NA) of the objective 
lens system; sufficient energy for reading the disk will 
be reflectec into the same numerical aperture. Illus- 
tratively, for a lens system 1 1 of NA= 0.65, with a sub- 
strate of refraction index n = 1.5. cone half-angles up 

55 to about 25.7*' are possible. The objective lens means 
11 is typically a multi-lens system, illustratively having 
four lenses 20-23 arranged in a housing 25 with a for- 
ward end lib having a spacing distance S which Is va- 
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liable with respect to the facing exterior surface 18s 
of the rotating optical disk, as housing 25 is moved in 
the direction of arrows F, by focussing means (not 
shown, but well known in the art), to maintain focus 
even as the depth D of the overcoating substrate lay- 5 
er is changed. Typlcaliy, the overcoating layer thick- 
ness D Is relatively stable (say, within ± 10 microme- 
ters) in any particular optical disk 14, although the 
mean depth D (say, 1213 millimeters) may vary over 
a predetermined total range (say, a range of 0,080 io 
mm,, from a minimum spacing of about 1.173 millime- 
ters to a maximum spacing of about 1.253 mm.). 
Thus, at some position 24 along the optical axis and 
upon the other side of objective lens means 11 firom 
the optical disk, the disk-reflected optical radiation is 
may be collimated, but be subjected to spherical aber- 
ration, of an amount dependent upon the thickness D 
of the overcoating substrate layer of the particular 
disk 14 then being played, as well as the spacing nec- 
essary to achieve focus for that disk. For example, 20 
the position 24 may be at a distance of about 5.84 
mm. behind the last objective lens surface 23b, for 
the situation where the overcoating layer is formed of 
1 .213 mm. thick Schott BK7 glass (refracth^e index of 
about 1 .522 at 488 nm.), and the four objective lens 25 
20-23 are formed of Schott LAFN2 glass (refractive 
index of 1.755 at 488 nm.), with (in one possible ob- 
jective design) the first tens surface 20a, nearest to 
the disk, having a radius-of-curvature of about 3,70 
mm. and a spacing of about 0,53 mm. between sur- 30 
faces 18s and 20a, along axis 11a; the on-axis thick- 
ness of lens 20 (i.e., the thickness between surfaces 
20a and 20b, along axis 11a) may be about 1.81 mm., 
with surface 20b having a curvature radius of 3.22 
mm. The second lens 21 can have a first surfece 21 a 35 
with a curvature radius of about -32,81 mm. (the neg- 
ative radius indicating that the center of curvature lies 
along axis 11a to the left of the lens surface) and with 
an on-axis separate from lens surface 20b of about 
0.1 0 mm.; the second lens second surface 21 b has a 40 
curvature radius of about 10.07 mm. and the on-axIs 
thickness of the second lens (between surfaces 21a 
and 21 b) is about 1 .33 mm. The third lens 22 can have 
a first surface 22a with a curvature radius of about - 
8.7 1 mm. and with an on-axIs separate from lens sur- 45 
face 21b of about 1 .62 mm.; the third lens second sur- 
face 22b has a curvature radius of about -26.16 mm. 
and the on-axIs thickness of the third lens (between 
surfaces 22a and 22b) is about 2.42 mm. The fourth 
lens 23 can have a first surface 23a with a curvature so 
radius of about -5.79 mm. and with an on-axis sepa- 
rate from lens surface 21b of about 1.90 mm.; the 
fourth lens second surface 23b has a curvature ra- 
dius of about -3.82 mm. and an on-axis thickness (be- 
tween surfaces 23a and 23b) of about 0.84 mm. 55 

In accordance with the invention, a corrector lens 
means 30 is positioned upon the opposite side of the 
objective lens of the optical disk player from the opt- 



ical disk then being read. Corrector lens means 30 
contains a plurality of lens elements, with a variable 
distance air gap being provided between facing sur- 
faces of a sequential pair of elements; illustratively, 
the corrector means 30 has only two elements, with 
a first lens element 31 having a first surface 31a fac- 
ing the objective means 11 and a second surface 31b 
separated from a first surface 32a of a second lens 
element 32. The air gap 34 between the first lens rear 
surface 31 b and the second lens front surface 32a is 
adjustable to correct for the range of substrate thick- 
ness D. One of the corrector lenses is f bcedly mount- 
ed and the other lens is mounted in a manner to allow 
adjustment by motion in the direction of arrows M, to- 
ward and away from the rigidly mounted lens; the 
lenses or corrector 30 are seperate and Independent 
of objective means 11. which seperately moves to 
carry out Its function of maintaining focus on the disk. 
It should be understood that some means 35 may be 
provided to position the correction tens assembly 30 
at a variable distance, or a selected one, of a wide 
range of possible distances from the objective lens 
means 11 or, with another mechanism 35* position 
the correction lens means 30 at a variable distance 
or a selected distance, over a range of distances from 
the mechanism (not shown) supporting disk 14; 
means 35 or 35'can thereafter maintain the correc- 
tion lens means 30 at that selected distance; the dis- 
tance between means 11 and means 30 may there- 
fore vary over some range with little practical conse- 
quence. 

A housing means 36' fixedly mounts the front 
correction lens element 31 at a selected nominal dis- 
tance (say, 1 .00 mm.) from some axial point 24, while 
the second correction lens means element 32 is 
mounted In a separate housing means 36 which may 
be caused to move in direction of arrows M towards 
or away from first corrector lens means element 31, 
by the action of suitable mechanical means 37 (which 
may, for purposes of illustration, Include a rack ele- 
ment 38 and a rotatable pinion element 39) caused to 
move under control of a thickness data-to-spacing 
distance conversion/drive means 40. responsive to 
thickness data provided from a data reader means 42 
which may obtain the inter-lens correction spacing L 
data directly from data means 44 upon the optical 
disk surface 18s. Variations in the position of correc- 
tive lens means 30 relative to the objective lens 
means 11, even when the latter nnoves relative to the 
disk, does not cause significant error in corrector lens 
performance. Alternatively, the disk cover glass 
thickness D may be, aftertesting of the individual disk 
at manufacture, impressed In data means 44. In any 
case, whether each disk 14 is measured at manufac- 
ture and either the layer 18 thickness D or the cor- 
rection gap dimension L is recorded on the disk sur- 
face 18s (where the Information will be out-of-focus 
during disk recording operations and so have minimal 
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effect upon recorder operation) or if each disk is dy- 
namically measured once loaded into the recorder, 
means 42 obtains data which is either passed 
through, or converted by, means 40 to set Inter-iens 
distance L. s 

As an example, for use with an optical disk having 
a substrate nominal thickness of 1.213 mm. ± 0,040 
mm., and utilizing a 488 mm. interrogation beam 12 
focussed by an objective lens having the above-given 
characteristics, the corrector means 30 may have io 
lenses 31 and 32 with the following surface radii (with 
negative radii having a center of curvature lying to the 
left of the surface, in the figure, and a positive radius 
having a center of curvature lying to the right of that 
surface, and with the thickness of the Schott BK7 is 
glass being measured along axis 11a): surface 31a Is 
convex (as, in all cases herein, viewed from the disk), 
with a very large radius of curvature of about -252.46 
mm.; surface 31b is concave, with a curvature radius 
of about 11.01 mm. and an on-axis spacing (lens 31 20 
axial thickness) of about 2.00 mm.; surface 32a is of 
complementary direction of curvature to surface 31b 
and is thus concave, with a radius of curvature of 
about 10.86 mm. and a nominal on-axis 11a spacing 
L of about 1 .49 mm. from surface 31 b; surface 32b is 25 
convex, with a large curvature radius of about - 
106.79 mm. and an on-axis spacing (lens 32 axial 
thickness) of about 2.00 mm from surface 32a. Vari- 
ations of several millimeters in spacing of surface 31a 
to point 24 will cause substantially no change in lens 30 
performance. Thus, the objective and corrective lens 
can be completely mechanically decoupled and the 
focussing and correcting functions are non-depend- 
ent and relatively simple to control. 

The nominal 1 .488 mm. separation distance L, for 35 
correction of spherical aberration from a covering 
glass substrate 18 of the nominal 1,213 mm. thick- 
ness D, gives an on-axis beam Strehl ratio (i.e. the ra- 
tio of the focussed spot Intensity, to the left of the cor- 
rector 30, with respect to the Intensity of a perfect 40 
spot at the same location) of 0.992. with an rms error 
of 0,015 wavelength. When the overcoating layer 18 
Is increased to a maximum thickness of about 1.253 
mm., the beam falls to a Strehl of 0.634 and rms error 
of 0.107 wavelength, even if the objective spacing 3 45 
Is changed to refocus the spot (this degraded perfor- 
mance is due to the increased spherical aberration). 
The correctton lens means 30 is now adjusted to pro- 
vkje a lens 31-lens 32 spacing 1 of about 0.520 mm. 
and the performance returns to a Strehl of 0.992 and so 
rms error of 0.014 wavelength. If the opposite change 
in cover layer 18 thickness occure, to a minimum val- 
ue of 1.173 mm., the refocussed beam has a Strehl 
ratio of 0.0907 and an rms error of 0.050 wavelength. 
The corrector spacing L is changed to 2.481 mm. and ss 
the refocussed beam now has a Strehl ratio of 0.991 
and an rms error of 0.015 wavelength. 

While one presently preferred embodiment of the 



novel correction lens means for adjustably correcting 
spherical aberration, due to the variation of thickness 
in the overcoating substrate of an optical disk, for use 
In an optical disk player/recorder, has been described 
in some detail herein, those skilled in the art will now 
underatand that many variations and nruxlifications 
are obtainable without departing firom the basic prin- 
ciples of the present invention. The present invention 
is therefore limited only by the scope of the appended 
claims and not by the specific details and instrumen- 
talities presented by way of description herein. 



Claims 

1. Apparatus for correcting spherical aberration of 
light reflected from a surface of an information- 
bearing layer of an optical disk and traversing 
through a substantially transparent substrate lay- 
er of a nominal thickness, overcoating the infor- 
matton layer, prior to traversal of an objective lens 
means, comprising: correction means having a 
plurality of lens elements, with a variable air gap 
between the adjacent surfaces of a sequential 
pair of the lens elements; and means for adjust- 
ing the thickness of the air gap responsive to in- 
formation of the nominal thickness, to correctthe 
additional spherical aberration caused by the 
change In covering substrate thickness and 
change the def Initton of the corrected spot to ap- 
proach the definition of a spot obtained with a 
covering substrate of exactly the nominal value. 

2. The apparatus of daim 1 , wherein said adjusting 
means Includes means for obtaining information 
about the actual thickness of that optical disk 
from which optical energy is then being reflected. 

3. The apparatus of daim 2, where said obtaining 
means operates in conjunction with an informa- 
tion-bearing portion of a surface of said disk dos- 
est to said lens means. 

4. The apparahjs of daim 1 , wherein said correction 
means comprises a pair of lens, with the first lens 
being nearer to the objective lens and having a 
convex exiting surface, and the second lens be- 
ing further firom the disk and having a concave 
surface adjacent to the f iret lens; said air gap be- 
ing located between the f iret and second lenses. 

5. The apparatus of daim 4, wherein said adjusting 
means operates to respectively Increase and de- 
creased the length L of said air gap for a disk hav- 
ing respective decreased and increased over- 
coating substrate thickness. 

6. The apparatus of claim 5, further Induding 
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means for positioning said correction means at a 
selected one of a range of distances from said ot>- 
jective lens means and for maintaining thereafter 
a sut>stantiaily fixed distance between said cor- 
rection means and said objective tens means. 5 

7. The apparatus of claim 5, further Including 
means for positioning said correction means at a 
selected one of a range of distances from said 

disl< and for maintaining thereafter a substantially io 
fixed distance between said correction means 
and said disk. 

8. The apparatus of daim 4, wherein said first lens 

first surface has a center of curvature beyond is 
said lens, with respect to said disk, and a radius 
of curvature on the order of about 100 mm., and 
said first lens second surface has a center of cur- 
vature toward said disk and a radius of curvature 
on the order of about 1 0 mm. 20 

9. The apparatus of claim 8, wherein said first lens 
is radially symmetrical about a lens system com- 
mon axis and has an on-axis thickness on the or- 
der of 2 mm. 25 

10. The apparatus of claim 4, wherein said second 
lens second surface has a center of curvature be- 
yond said lens, with respect to said disk, and a ra- 
dius of curvature on the order of about 250 mm., 30 
and said second lens first surface has a center of 
curvature toward said disk and a radius of curva- 
ture on the order of about 10 mm. 

11. The apparatus of claim 10, wherein said second 35 
lens is radially symmetrical about a lens system 
common axis and has an on-axis thickness on 

the order of 2 mm. 
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